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Abstract 


Prostate  cancer  is  the  most  common  cancer  in  American  men.  It  is  also 
characterized  by  a  substantial  racial/ethnic  variation  in  risk:  highest  in  African-American 
men,  lowest  in  Asian  men  and  intermediate  in  Caucasian  and  Latino  men.  We  propose  to 
investigate  genetic  variants  of  genes  involved  in  the  regulation  of  prostatic  growth  and 
particularly  in  androgen  metabolism,  particularly  the  HSD3B2  gene  which  encodes  the 
type  n  p-hydoxysteroid  dehydrogenase.  Our  final  progress  reported  is  highlighted  by  the 
following  four  findings.  First,  our  data  indicate  that  the  locus  under  investigation  is 
highly  polymorphic  in  constitutional  DNA  and  mutated  in  tumor  (i.e.  somatic)  DNA. 
Second,  our  population-based  investigations  are  complete.  Third,  we  will  complete  the 
biochemical  analyses  soon.  Finally,  we  note  that  we  have  also  investigated  transcription 
of  the  HSD3B2  gene  and  found  that  YYl  binding  is  important. 

Overview 


This  proposal  is  part  of  a  research  program  aimed  at  identifying  genes  involved  in 
the  predisposition  to  and  progression  of  prostate  cancer  among  various  racial/ethnic 
groups  in  the  US.  Prostate  cancer  will  be  diagnosed  -according  to  the  ACS-  in  230,110 
men  in  the  US  in  the  year  2004  alone.  Some  29,900  individuals  will  die  of  this  disease 
this  year.  Prostate  cancer  is  characterized  by  substantial  racial/ethnic  variation  in  risk: 
highest  in  Afiican-American  men,  lowest  in  Asian  men  and  intermediate  in  Caucasian 
and  Latino  men.  We  proposed  to  investigate  as  our  central  hypothesis  that  genetic 
variants  of  genes  involved  in  the  regulation  of  prostatic  growth  and  particularly  in 
androgen  metabolism  by  themselves  and  in  combination  significantly  contribute  to 
prostate  cancer  risk  and  progression.  Specifically,  we  proposed  to  examine  the  hypothesis 
that  DNA  sequence  variations  in  the  type  n  3  p-hydoxysteroid  dehydrogenase  (HSD3B2) 
gene  contribute  substantially  to  the  risk  of  prostate  cancer  particularly  across  racial/ethnic 
lines.  The  “candidate  gene”,  HSD3B2,  was  chosen  because  the  reaction  substrate  [i.e. 
dihydrotestosterone  (DHT)]  of  the  enzyme  encoded  by  this  gene  modulates  directly  cell 
division  in  the  prostate.  Epidemiologic  evidence  suggests  that  variation  in  DHT  levels 
play  an  important  role  in  risk  of  prostate  cancer.  Thus,  3 p-hydoxysteroid  dehydrogenase 
activity  encoded  by  HSD3B2  variant  alleles  may  be  important  in  regulating  intraprostatic 
DHT  steady  state  levels  by  controlling  its  degradation.  This  candidate  gene  encodes  the 
enzyme  that  initiates  the  irreversible  inactivation  of  DHT. 

Specifically,  in  this  project  we  proposed  to  test,  using  a  case-control  study 
approach  within  a  multi-ethnic  cohort  study  design,  the  association  between  prostate 
cancer  risk  and  its  progression  and  HSD3B2  allelic  variants  among  four  major  racial- 
ethnic  groups.  Our  original  three  interrelated  specific  aims  were: 
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•  To  identify  all  allelic  variants  in  the  HSD3B2  locus  by  sequencing  200  men  from  four 
racial/ethnic  groups  (African-American,  Japanese- American,  Latino  and  Americans 
of  European  ancestry  (Caucasian)  men). 

•  To  determine  the  relationship  between  the  HSD3B2  gene  and  prostate  cancer  by 
genotyping  polymorphic  DNA  markers  in  the  HSD3B2  gene  in  up  to  800  men  with 
prostate  cancer  and  controls  from  four  racial/ethnic  groups  who  are  at  very  different 
risks  of  prostate  cancer. 

•  To  determine  the  in  vitro  biochemical  properties  of  HSD3B2  variants  identified  in 
specific  aims  1  and  2. 

Progress  Report 

Pursuant  to  specific  aim  1.  we  have  sequenced  in  constitutional  (“germline”) 

DNA  of  120  men  with  the  following  make-up:  30  from  each  of  the  four  racial/ethnic 
groups  (African-American,  Asian-(Japanese-)American,  Caucasian  and  Latino,  the  entire 
HSD3B2  gene.  Half  are  prostate  cancer  cases,  half  are  controls.  Our  sequencing  has 
identified  17  additional  polymorphisms  that  are  highlighted  above  the  gene  in  Fig.  1. 


C7564G 


Figure  1 :  Newly  discovered  constitutional  (“germline”)  SNPs  in  the  HSD3B2  gene. 

In  short,  the  HSD3B2  gene  in  humans  is  highly  polymorphic  and  our  work  has 
uncovered  significant  unreported  additional  genetic  variation.  This  specific  aim  is 
complete  as  of  this  year. 
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We  also  identified  a  series  of  somatic  mutations  in  tumor  tissue  in  men  with 
prostate  cancer  (Fig.  2).  These  de  novo  mutations  are  not  present  in  constitutional  DNA 
of  the  same  individual.  These  mutations  may  be  important  in  tumor  progression. 

Somatic  Missense  Mutations 


£|||5.£/3I 


Figure  2:  Somatic  mutations  in  the  HSDS3B2  gene. 

In  order  to  advance  specific  aim  2  we  have  begun  genotyping  men  for  five  SNPs 
iin  the  HSD3B2  gene:  the  D74N,  E94Q,  L236S  and  T366N  constitutional  DNA 
polymorphism  that  change  amino  acids  and  the  T1362G  SNP  (cf  Fig.  1).  Sample 
genotyping  using  a  multiplex  approach  (MAPA:  Multiplex  Automated  Primer  Extension 
Analysis;  developed  in  this  lab)  on  an  ABB  100  instrument  is  shown  in  Fig.  3.  The 
genotyping  is  complete  but  the  data  analysis  unfortunately  identified  no  significant 
associations  with  prostate  cancer  (Table  1).  However,  small  effects  cannot  be  excluded  at 
this  point(due  to  the  rarity  of  most  SNPs  which  are  generally  below  the  5  %  firequency 
mark  (Table  1). 


D74N  E94Q  T13B2G  L236S  ra6N 


Figure  3:  Sample  MAPA  genotyping  of  the  HSD3B2  gene  on  an  ABB  100  automated 
DNA  sequencer.  Only  the  last,  T366N,  SNP  is  polymorphic  (heterozygous)  in  this 
sample. 
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Table  1 

MAP  A  Genotvping  of  Prostate  Cancer  Cases  and  Controls 


HSD3B2  SNPs  by  case-control  status. 
D74N  ^  DN 

Controls  342  0 

Cases  367  2 

E94Q  EE  EQ 

Controls  340  2 

Cases  366  3 


L236S  LL  LS 

Controls  332  1 0 

Cases  360  9 


GG 

16  1 

12  0 

T366N  II 

Controls  342 

Cases  369 


T1562G  II  IG 

Controls  325 

Cases  357 


We  have  also  made  progress  in  specific  aim  3  on  the  in  vitro  biochemistry  on 
several  fronts.  We  have  reconstructed  all  five  missense  SNPs  in  constitutional  DNA  (cf. 
Fig.  1)  and  have  begun  to  assay  them  along  the  normal  cDNA.  We  expect  to  make 
significant  progress  in  the  final  no  cost  extension  year  in  this  area. 

Finally,  we  have  analyzed  transcription  of  the  HSD3B2  gene  (Foti  and  Reichardt, 
2004).  We  found  that  YYl  binding  in  the  first  intron  is  important  for  proper  transcription. 
The  preprint  of  this  paper  is  attached. 

Benchmarks  2004: 


Specific  aim  1:  Complete. 

Specific  aim  2:  Complete. 

Specific  aim  3:  Transcriptional  studies  are  complete.  Mutagenesis  has  also  been 
completed.  Biochemical  assays  have  been  initiated  and  are  to  proceed  into  the  final  no 
cost  extension  year. 

Key  Research  Accomplishments 

•  18  SNPs  identified  in  constitutional  DNA  in  the  HSD3B2  gene. 

•  19  somatic  (“de  novo”)  mutations  in  the  HSD3B2  gene  identified. 
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•  MAPA  genotyping  for  5  SNPs  in  the  HSD3B2  gene. 

•  5  SNPs  are  reconstructed  in  the  HSD3B2  cDNA  for  in  vitro  analyses. 

•  HSD3B2  transcription  requires  YY 1 . 

Reportable  Outcomes 

One  paper  in  press  in  J.  Molec.  Endocrin.  (attached). 

Conclusions 


Significant  progress  toward  all  three  specific  aims  was  made  in  the  past  three 
years  period.  Furthermore,  we  plan  to  complete  the  third  specific  aim  in  the  coming  12 
months  of  no  cost  extension. 

Our  research  may  result  in  better  presymtomatic  diagnosis  of  prostate  cancer  and 
will  lead  to  a  better  fundamental  understanding  of  the  HSD3B2  gene  and  its  enzyme. 
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ABSTRACT 


The  oxidation  and  isomerization  of  3  -hydroxy-5-ene  steroids  into  keto-4-ene  steroids,  a  pivo^^ep  in 
the  synthesis  of  all  hormonal  steroids,  is  catalyzed  by  several  isoforms  of  iSk^H^fcaxvstooid 
dehydrogenase  isoforms.  In  humans,  two  highly  homologous  isoforms  exist,  t^^^^xp^^ed  by  the 
HSD3B1  gene  in  peripheral  tissues,  and  type  II  expressed  by  the  HSD3B2  gepe^fep^oidogenic  organs. 
Previously,  it  was  shown  that  the  HSD3B1  gene  3  1-A  element,  encoma^ngM  nucleotides  of  intron  1 
not  perfectly  conserved  between  the  two  genes  and  overlapping  wi^p5  cjj^ef^^TG  box,  contributes  to 
maximal  basal  promoter  activity  by  binding  the  ubiquitous  transcription  factor.  In 

this  study  for  the  first  time  we  report  that  similarly,  the  I^&^fe©ffntron  1  is  required  for  maximal 
basal  promoter  activity  in  reporter  gene  analyses,  as result  in  a  5  to  10  fold  reduction  in 
promoter  activity.  Mutational  analysis  in  gel  shift  assiP^^ealed  that  the  3  1-A  factor  binds  both  the 
HSD3B2  and  HSD3B1  gene  intron  1  by  re^^^jtov  7  nucleotides  of  a  conserved  segment  within  the 
3  1-A  element.  By  competition  anal)^  a^^ge^|^anti-YYl  antibody  in  both  gel  shift  and  western 
experiments,  we  identified  the  3  l-^^^®Rn ^the  ubiquitous  transcription  factor  YYl.  In  addition,  we 
have  characterized  another  sin^Rj^l  biS^g  site  differently  located  in  respect  of  the  3  1-A  element  in 
both  genes.  Deletion  anaffli^i  tran^nt  transfections  experiements  have  shown  that  contrarily  to  as 
previously  shown  ^t^^3Bl  gene,  YYl  binding  to  the  type  II  3  1-A  element  only  results  in  a 
marginal  reductk^&fmsal^omoter  activity.  Instead,  the  second  and  inverted  YYl  site,  placed  35  base 
pairs  dowi^pSi  tl^^^-A  element,  is  a  stronger  activator,  as  its  deletion  alone  results  in  a  50% 
decrea^>f^^JI^pB2  gene  basal  promoter  activity.  Complete  abrogation  of  YYl  binding  within  type 
II  ii^on  1  r^lted  in  a  gene  reporter  activity  identical  to  a  reporter  construct  lacking  the  whole  intron  1 . 
^g^ese^SuiTs  designate  YYl  as  the  factor  responsible  for  the  intron  1  mediated  boost  of  the  HSD3B2 
^^pbasal  promoter  activity.  Similarities  and  dissimilarities  between  YYl  binding  within  the  HSD3B1 
ann  HSD3B2  gene  intron  1  are  discussed  involving  the  conserved  intron  1  TG  box,  that  suggests  different 
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mechanisms  are  implicated  in  the  YYl  mediated  stimulation  of  these  two  genes  basal 
transcription. 
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INTRODUCTION 


The  enzyme  3  -Hydroxysteroid  dehydrogenase  (3  -HSD)  catalyzes  a  fundamental  step  in  the^Mhesis' 
of  all  hormonal  steroids  in  many  tissues  and  organs  (Labrie  et  al),  which  play  a  A^BSLi^ uT the 
differentiation,  development,  growth,  and  physiological  function  of  most  human It^^so  one  of 
the  two  enzymes  that  start  the  degradation  of  dihydrotestosterone  (DHT),  th^TO^lTpowefful  androgen 
(Bartsch  et  al\  thus  affecting  the  availability  of  this  hormone  in  the  r^^ti^of  anorogen  responsive 
genes.  Two  isoforms  are  known  in  humans,  type  I  and  type  II  3  J®^nS^d  by  the  HSD3B1  and 
HSD3B2  gene,  respectively  (Luu-The  ei  al,  Lachance  et  al  or/.,  Lachance  et  al  1991). 

The  two  genes  are  closely  linked  on  the  short  arm  of  chrQ^^o|ra|H^k)rrison  et  al.,  Morissette  et  al.), 
and  both  consist  of  4  exons  and  3  introns  that  ha^^^^a^^gth  and  a  high  degree  of  homology 
(Lachance  et  al.  1991)  (Fig.l).  Type  I  and  type  II  3^^^B  enzymes  are  differentially  expressed,  being 
type  II  activity  mostly  restricted  to  steroido^^BSfegans  such  as  ovary,  testis  and  adrenals  (Rheaume  et 
al.,  Lachance  et  al.  1991),  while  tvp^  many  peripheral  tissues,  such  as  placenta,  skin, 

mammary  gland,  and  others  (Luu-Tj^^^^  I^hance  et  al.  1990,  Lachance  et  al.  1991,  and  references 
therein). 

The  importance  of  tynj^  -HSl^tivity  in  steroidogenesis  is  attested  by  the  many  gene  mutations 
resulting  in  Congeni^^^g^H  Hyperplasia  (CAH),  a  term  that  encompasses  several  recessive  autosomal 
disorders  that  slu^t^*oiTmlRe  or  partial  deficiency  of  enzymes  involved  in  corticosteroids  synthesis 
(White  In  both  males  and  females  decreased  mineralcorticoid  secretion  results  in 

varying  def^gs  of^t  wasting,  from  lethal  to  mild  phenotypes,  and  may  lead  to  female  masculinization 
duriSE^  fetal  ^velopment.  CAH  due  to  3  HSD  type  11  deficiency  may  lead  to  a  decrease  in  all  classes  of 
..steroiB^MPones  including  sex  hormones,  causing  pseudohermaphroditism  in  males  due  to  gonadal 
!ia  (Simard  et  al.  1993,  Mendonca  et  al.  1994,  Simard  et  al.  2002),  and  hirsutism,  premature 
pSphrche  and/or  infertility  in  females  (Eldar-Geva  et  al.  1990,  Mendonca  et  al.  1994,  Marui  et  al.  2000, 
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Pang  et  al.  2002).  Type  II 3  -HSD  enzyme  has  more  recently  acquired  an  active  role  in  prostate  ^^cer 
research  (Ross  et  al.  1998).  Androgens  are  important  in  the  development  and  maintenar.^. 
prostatic  gland  (Marker  et  al.  2003),  and  it  is  well  documented  that  they  play  an  important^^Wn  the 
etiology  of  prostate  cancer  (Ross  et  al.  1996,  Bosland  2000).  Circulating  levels  of  tesJ^^^^dOTT 
are  considered  indicative  of  the  risk  of  getting  the  disease  (Gann  et  al.  1996).  ability  of 

the  3  -HSD  activity  to  degrade  DHT  has  gained  interest  in  the  potential  mutatiOT^^^mnc^nal  sequence 
variants  that  may  affect  the  overall  enzyme  performance,  either  by^Rte^^g  the  enzyme  catalytic 
properties  or  its  expression  levels.  Interestingly,  a  study  from  ^1^2)  has  linked  both  the 

HSD3B1  and  HSD3B2  gene  with  the  susceptibility  of  sporadic  and  helgntervIBfnstatpi  cancer. 

The  recent  discoveiy  of  a  binding  site  for  steroidogenic^^i^J&fflF^)  at  nucleotide  -64  to  -56  of  the 
HSD3B2  gene  promoter  (Leers-Sucheta  et  al.  1997),j^!^s  nS^inserved  in  the  HSD3B1  gene,  might 
explain  the  restricted  expression  of  the  HSD3B2  gen^^eroidogenic  organs.  SF-1  had  indeed  earlier 
been  identified  as  a  tissue-specific  transcripj^^^or  that  regulates  all  the  steroidogenic  P-450  genes  in 
the  adrenal  cortex  and  gonads  (MorohagJ^^^^^1^9^^  Lala  et  al.  1992).  Interestingly,  a  study  by  Guerin 
et  al.  (1995)  identified  the  3  1-A  iMneM a  tet^crintional  activator  located  within  the  HSD3B1  gene 
intron  1  (Fig.  1)  that  is  requira^^^rea^^^gmaximal  promoter  activity  in  transient  transfection  assays 
This  region,  encompassinj||j^ucle^^s  protected  in  DNAse  footprinting  assay,  was  shown  to  strongly 
bind  an  unidentified^lffitoMy  expressed  nuclear  protein  named  3  1-A  factor,  whose  molecular  weight 
was  estimated  Jpa  b^DV-crosslinking  experiments.  Mutational  analysis  revealed  that  the  4 
guanines  thj^^  at  B^^nd  of  the  protected  region,  shared  with  an  overlapping  TG  box  (Fig.  1),  are 
essential  fc^^^m^^f  the  3  1-A  factor  to  the  3  1-A  element,  and  their  mutation  resulted  in  a  3  to  6  fold 
low^^re^on  of  a  reporter  gene.  As  Spl  was  found  to  bind  the  TG  box  very  weakly,  the  3  1-A 
proteif^g^H^attributed  a  transactivator  role.  Stressing  the  importance  of  the  3  1-A  element  as  a 
Ptional  activator,  Guerin  and  collaborators  also  showed  that  a  double-stranded  oligomer  bearing 
tlWDNA  sequence  of  the  HSD3B 1  gene  3  1-A  element  cloned  in  front  of  the  mouse  p  1 2  gene  promoter 
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was  able  to  stimulate  transcription  of  the  CAT  reporter  gene  from  to  2  to  5  fold  in  lyroan 
chorioncarcinoma  JEG-3  and  human  adrenal  cortex  adenocarcinoma  SW-13  cells,  respectively. 

Because  of  the  importance  of  the  type  II  3  -HSD  activity  in  steroidogenesis,  we  were  p^^^ed  to 
investigate  whether  or  not  the  HSD3B2  gene  intron  1  has  any  functional  relevance,  ^Anf^^se  the 
HSD3B1  gene.  We  here  report  that  intron  1  is  required  by  the  upstream  promote^^^^H2^te2  gene  to 
achieve  the  maximal  level  of  transcription,  as  deletion  analysis  in  transient  tmn^^,@n  assays  in  several 
cell  lines  revealed  that  removal  of  intron  1  results  in  5  to  10  fold  reductq^^f ^Biferase  reporter  activity. 
Despite  mismatches  in  the  region,  we  have  ascertained  the  presencd^ l^^lement  in  the  HSD3B2 
gene  intron  1.  Furthermore,  we  have  identified  the  3  1-A  pi^^nx^^d^^ultifactorial  transcription 
factor  YYl  (Shi  et  al.  1997),  and  demonstrate  that,  in  addit^^Q^p|||[^A  element,  YYl  also  recognizes 
a  second  binding  site  within  intron  1,  whose  positioj^^^raco^^^ed  between  the  two  genes.  Through 
mutational  analysis  and  co-expression  of  YYl  in  trai^^^n  experiments,  we  have  demonstrated  that 
differently  from  the  HSD3B1  gene,  the  typ^^R^^.  element  alone  has  little  effect  as  a  transcriptional 
activator.  Instead,  the  deletion  of  the  ^fcoSwsn^Piding  site,  located  in  reverse  orientation  about  35 
base  pairs  downstream  the  3  1-A  el^^Mredi^s  the  HSD3B2  gene  basal  promoter  activity  to  half  of  its 
full  potential.  In  addition,  we^^^Me  evic^Ke  that  Sp3  binds  the  TG  box  in  the  intron  1  of  both  genes 
and  that  the  binding  effi^^J^s  mu^fcigher  for  the  type  I  TG  box.  We  found  the  second  YYl  binding 
site  in  the  HSD3B1  ^n3^|^^^o$itioned  at  the  3’  end  of  the  TG  box.  In  “j/i  vrVro”  binding  conditions,  the 
presence  of  the  in  such  a  location  appears  to  favor  Sp3  competition  for  the  TG  box,  thus 

explaining  ^^ong^^p  binding  to  type  I  intron  1.  Although  we  have  not  investigated  the  functional 
relevance  f®iliose^^dings  for  the  HSD3B1  gene,  our  results  point  to  a  role  for  YYl  in  the  basal 
exp^sion  ^  3  HSD  activity,  and  suggest  that  different  mechanisms  may  be  involved  in  the 
riaintenaUjS^e  HSD3B1  and  HSD3B2  gene  basal  activity  under  experimental  conditions,  as  discussed. 
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MATERIALS  AND  METHODS 


uman 


Plasmid  constructions 

The  human  HSD3B2  5 ’-flanking  and  5’-UTR  (from  -1265  to  +193)  was  amplified  bj 
genomic  DNA  isolated  from  blood  using  the  for^^P^  p^&er  5’- 
CCGACGCGTTAATAAACATTTAAGCCAATAATAAAA-3’  and  th^^^^T^primer  5’- 
GGGCTCGAGACCCAGAAGAGGGCTAAAAAC-3’.  The  amplificatio^^^P  wasaigested  with  Mlu 
1  and  Xho  I  and  cloned  in  pGL3B?Lsic  (Promega)  similarly  digested^t^ii^^ii-HSD2(-1253/+193). 
To  obtain  the  reporter  plasmids  used  in  the  study,  this  construc^a?||^teflwith  Sac  1  and  the  resulting 
plasmid  re-ligated  to  generate  /?GIJ-HSD2(-517/+193),  or^Sstt|gdtt^w  /  and  PstI  I,  filled  in  with 
Klenow  at  the  5’-  end  and  re-ligated  to  generat^l^-I^^-217/+193).  Plasmid /7GIi-HSD2(- 
517/+23)  was  obtained  by  digesting  j!7GL5-HSD2(^^^93)  with  Drd  1  m&Xho  7,  filling  in  with 
Klenow  and  re-Iigating,  to  generate  a  similaj^J^^r  construct  without  the  intron  1  sequence.  The  insert 
nucleotide  sequence  was  verified  by  sequencing  using  the  forward  RV3  primer  5’- 

CTAGCAAAATAGGCTGTCCC  GL2  primer  5’-  CTTTATGTTTTTGGCGTCTTCC 

~3’  from  Promega,  which  res^^^^^m^^l^tream  and  downstream  to  the  /7GL5Basic  vector  multiple 
cloning  site. 


Into  the  reporter  plasmids  using  the  QuikChange  Site-Directed  Mutagenesis 
olla,  CA)  following  the  manufacturer’s  instructions  and  using  the  same  mutant 
are  represented  in  the  figures  that  accompany  this  paper.  Mutations  were  confirmed  by 
Sd  sequencing  (ABI  PRISM  3100  Genetic  Analyzer,  Applied  Biosystems).  Each  sequence- 
^  mutant  insert  was  released  with  the  appropriate  cloning  restriction  endonucleases,  and  inserted 
,  similarly  digested  pGLJBasic,  to  ensure  the  plasmid  used  in  transfections  did  not  carry  any  PCR 
induced  nucleotide  substitutions  within  the  vector  backbone. 
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Gel  shift  assays 

Crude  nuclear  extracts  were  prepared  as  previously  described  by  Dent  and  Latchma^ 
Oligonucleotides  for  radiolabeled  probes  and  competitor  DNAs  were  obtained  from^l’Hligpgen' 
Corporation  (Carlsbad,  CA)  and  Integrated  DNA  Technologies  (Coralville,  lA).  Apmtop^^g^^nd 
antisense  strands  were  annealed  in  Tris  10  mM  pH  8.0  by  heating  at  85  °C  slowly 

cooling  down  to  25  ®C.  Double-stranded  oligomeric  probes  were  5’  -end  labele^^^^^^ ATP  (5,000 
Ci/mmol)  using  T4  polynucleotide  kinase  (New  England  Biolabs,  ^^rl^MA^ccording  to  the 
manufacturer’s  instructions.  Labeled  oligomers  were  separat^^^^  IB^acted  nucleotides  by 
centrifugation  through  ProbeQuant  G-50  Micro  Columns  tAmei|hatW^sG^es.  Piscataway,  NJ).  One, 
three  or  five  micrograms  of  nuclear  proteins  were  pij^mcjg&J^Mwith  1  microgram  of  poly(dI- 
dC)-poly(dl-dC)  (Sigma-Aldrich,  )  in  20  1  of  bind^^PBlp^^PES  20  mM  pH  7.9,  KCI  50  mM, 

MgCl2  5  mM,  DTT  0.5  mM,  and  4%  glycerol)  for  5^^^^s  at  room  temperature.  The  labeled  probes 

were  then  added  (100,000  cpm,  approxima^^D^^fe  ng)  and  complexes  were  allowed  to  form  at  room 
temperature  for  15  minutes.  The  h^din^n^^^ns  were  loaded  onto  a  4.5%  non-denaturing 
polyaciylamide  gels  containing  subjected  to  electrophoresis  in  0.5  x  TBE  buffer  at  17- 

20  mA  for  about  3  hours  at  r^^K^pem!8Fe.  The  gel  was  dried  and  either  autoradiographed  overnight 
with  an  intensified  screei^^^^osed  lyk  Storage  Phosphor  Screen  (Amersham  Biosciences,  Piscataway, 
NJ)  and  analyzed ^tl^^ORM  840  densitometer  (Molecular  Dynamics,  Sunnyvale,  CA).  The 
specificity  of  pr<^^^R/^pmplexes  was  analyzed  by  including  100-fold  molar  excess  of  homologous 
or  non-hoi^ISf&us^iB^^ed  competitor  DNA  into  the  binding  reactions  during  the  pre-incubation  step 
prior  to^dO^gjijj^robe.  To  identify  nuclear  factors  that  bind  to  the  probes,  1  microliter  of  specific 
anti^y  (ra^t  polyclonal  anti-YYl,  sc-1730;  rabbit  polyclonal  anti-Sp3,  sc-644  X;  rabbit  monoclonal 
^i-S^^8^^20  X;  anti-Sp2  ,  sc-643  X;  Santa  Cruz  Biotechnology,  Santa  Cruz,  CA)  was  incubated  with 
Smomg  mix  for  1  hour  at  4  ®C  before  addition  of  the  labeled  oligomers. 
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“in  vitro”  Transcription/Translation  Assay 

"in  vitro"  translated  YYl  was  obtained  with  the  TNT  T7/T3  Coupled  Reticulocyte  Lysate  Sy% 

Promega  (Madison,  WI).  To  obtain  the  template  DNA  plasmid,  YYl  cDNA  was  released  ^ 

YYl  (gift  of  Dr.  Shi,  Harvard  University)  by  digesting  with  BamHl  and  Kpn  1  restri^n  i  cleases 
and  cloned  into  pCMX-L\  vector  similarly  digested.  The  ”/«  v/7ro”  coupled  to  anslation 

reaction  was  carried  out  following  the  manufacturer’s  instructions  in  presenc^  SjRX  Polymerase 
and  1  g  of  non-linearized  template. 


Acrylamide  capture  of  3  2  oligomer-bound  complexes 
Oligo  A-3  2,  the  3  2  upper  strand  oligonucleotide  modifl 
Technologies,  Waltham,  MA)  at  its  5’  prime  was 

i 

(Coralville,  lA).  The  procedure  was  carried  out  as  desS 


of  an  Acrydite  moiety  (Mosaic 
frS^Integrated  DNA  Technologies,  Inc. 
to  Nelson  et  al  (31)  with  few  modifications: 


1  M  of  A-3  2  oligo  was  annealed  with  th^ffl^^toount  of  the  unmodified  lower  strand  and  incubated 
with  150  micrograms  of  SW-13  cell  nr^p^^^tocMS  0.5  mg  of  LNCaP  nuclear  extract  under  the  same 
binding  conditions  herein  describec^^^^^e^aift  experiment  (EMSA),  scaling  up  the  reaction  volume 
accordingly  to  the  amount  y^mteins^Ms  oligomers.  After  15  minutes  of  incubation,  the  duplex 
molecules  were  immobili2rf|fca.aciylS^de  as  previously  described  (29)  in  the  1  cm  large  wells  of  a  non¬ 
denaturing  4.5  %  acrvI^ffi^Kel  (20  cm  x  20  cm),  and  the  unbound  proteins  were  separated  from  the 
bound  complexe^^dofiroj^ofesis  under  the  same  conditions  used  for  the  EMSAs.  The  polyacrylamide 
fragments  j^SS^ning^j^ovalentlv  linked  A-3  2/protein  complexes  were  excised,  and  the  proteins 
recovered  ^rituraMg  the  band  in  extraction  buffer  (Tris  50  mM  pH.  7.5,  SDS  0.1  %,  EDTA  0.25  mM, 
and^5  %  g^erol).  Samples  were  kept  under  rotation  overnight  at  4  ®C.  The  sluny  was  filtrated  through 
^a  0.22^IMKrafree-MC  Centrifugal  Filter  Unit  and  concentrated  by  a  Microcon  Centrifugal  Filter  Device 
!!p8Fe  Coiporation,  Bedford,  MA).  Typically,  about  0.8  ml  of  extraction  buffer  was  reduced  to  50 
ni^oliters. 
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Western  blot  analysis 

Protein  concentrations  were  determined  by  the  BioRad  protein  assay.  10  g  of  nuclear  proteins , 

13  and  LNCaP  cells,  and  same  amount  of  isolated  A-3  2-bound  proteins,  along  with  1^ 

YYl  were  diluted  with  2x  SDS  loading  buffer  and  loaded  onto  a  12%  pre-cast  Goj^la^^durance 
acrylamide  gels  (ISC  BioExpress).  Proteins  were  transferred  to  Hybond-P  P\i3P^^nst^piembrane 
(Amersham  Pharmacia  Biotech)  by  a  semi-dry  procedure.  Blots  were  probed  s^e  polyclonal 

antiserum  against  YYl  (1:500)  or  against  Sp3  (1:5000)  used  in  the  g^^ii^bxperfments  as  primary 
antibodies,  and  horseradish  peroxidase-conjugated  goat  anti-rabbiM^r^s  p  secondary  antibodies. 
Bands  were  visualized  using  the  Western  Blotting  Chemiluminescenc^^^igd  agent  (Santa  Cruz). 


Cell  cultures  and  transfections 

All  medium  and  sera  were  provided  by  Gibco  BRL  (LiW^^hnology).  SW-13  cells  were  grown  in  IMEM 
medium,  and  LNCaP  cells  in  RPMI  mediun^SH^upplemented  with  10%  certified  fetal  bovine  serum 
(FBS),  2  mM  glutamine,  and  100  lU^^^^lHyHid  100  g/ml  of  streptomycin.  COS-7  cells  were 
grown  in  DMEM  medium  supplerai^^^^th^%  FBS.  Cells  were  maintained  at  37  ®C  with  5%  CO2. 
Unless  otherwise  specified,  2^^^‘s^^^^msfection  mammalian  cells  were  seeded  in  12-well  plates 

in  medium  without  antibiS^^SW^T1^3xl0^  cells/well;  COS-7,  8x10^  cells/well).  Transfections  were 


carried  out  by  the  2000  method  (Invitrogen,  Life  Science)  following  the  manufacturer’s 

instructions  and^uinil^  j^f  DNA  and  3  1  of  LipofectAmine  (1:1.5)  per  well.  When  tested  alone, 
reporter  pl|^ids  v^e"TOnsfected  at  the  concentration  of  1.8  g/well  bringing  the  DNA  amount  up  to  2 
g  Gal  to  monitor  transfection  efficiency.  Co-transfection  experiments  with 

trai^^ptioi^ctor  expression  vectors  were  carried  out  with  1  g/well  reporter  and  0.5  or  1  g/well  of 
l^mn  plasmid,  keeping  the  DNA  amount  constant  by  adding  empty  vector.  Because  of  the 

scription  factor  interference  with  beta-galactosidase  expression  versus  the  control  samples  consisting 

► 

ofThe  reporter  plasmid  alone,  no  pCMV  Gal  was  added  in  co-transfection  experiments,  and  luciferase 
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activity  was  instead  normalized  for  the  protein  content.  Luciferase  activity  was  measured  for  20 
in  a  luminometer  using  the  Luciferase  Assay  System  (Promega  Corporation,  Madison,  WI). 
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RESULTS 


The  HSD3B2  gene  intron  1  is  required  for  sustaining  the  basal  promoter  activity 

i 

It  was  previously  shown  that  deletion  of  intron  1,  but  not  exon  1,  reduced  the  HSD3B1  IBS^basar 
promoter  activity  from  3  to  6  fold  (Guerin  et  al.  1995).  To  test  whether  intron  1  sequ^^s^^v^asimilar 
role  in  the  HSD3B2  gene  basal  promoter  activity,  a  luciferase  reporter  construct^l^g  t^^pID3B2  5’ 
flanking  region  from  nucleotide  -517  and  the  5’  untranslated  region  up  to  ^^^me^l93,  pGL3- 
HSD2(“517/+193),  was  compared  to  a  similar  construct  bearing  ^^^l^mn  o^ntron  1,  pGLS- 
HSD2(517/+23),  which  are  represented  in  Fig.  1  B.  As  intended  als|p^^sti^Wiming  at  characterizing 
polymorphisms  that  occiu  within  intron  1 ,  which  might  affec^h^^^^iq^Bf  the  intron,  our  promoter 
constructs  encompassing  the  first  intron  include  the  cons^rad ^^^n^portion  of  the  3 ’splice  junction 
with  exon  2  up  to  12  nucleotides  (+1 82/+ 193).  By  J^H^R^^ponfirmed  that  including  the  first  12 
nucleotides  of  exon  2  results  in  intron  1  being  propS^^liced  out  in  Cos-7  cells  (result  not  shown). 
When  the  promoter  activity  of  the  full-lengddE^^^ct  and  the  deletion  construct  were  compared  upon 
transfection  in  several  cell  lines,  it  was  ^^^^t  of  intron  1  resulted  in  a  60%  to  90%  reduction  of 
basal  promoter  activity,  depending  ^Mi|^ll under  examination  (Fig.  2).  In  SW-13  cells,  the  only 
steroidogenic  cell  line  we  tcst^^^jZ,5^^^^^5 1 7/+ 1 931  had  the  highest  activity,  and  lack  of  the  intron 
resulted  in  a  5  fold  reducti^^luci^fe^  expression.  In  the  non-steroidogenic  cell  line  Cos-7  the  overall 
promoter  activity  was  ^Sfo^Power,  and  the  deletion  construct  residual  basal  activity  accounted  to  only 
10%  of  activity  t^md^^g^^nstruct  (Fig  1  B).  In  LNCaP  and  PC-3  cells,  the  HSD3B2  gene  promoter 
activity  wa^^fom^^^^  than  seen  in  SW-13  cells,  however  the  lower  basal  activity  of  pGL3- 
HSD2(517^^)  w^ylso  only  30  %  the  activity  of/7GLi-517/+193  (not  shown).  The  higher  promoter 
actig^m  SWT^cells,  derived  from  a  small-cell  carcinoma  of  the  adrenal  cortex  (Leibovitz  et  al.  1978) 
may^l^ttoButed  to  tissue  specificity.  The  lower  activity  of  the  intron-less  reporter  construct  in 
bnic  and  not  steroidogenic  cell  lines  showed  that  intron  1  is  required  for  maximal  levels  of 
)3B2  gene  basal  promoter  activity  and  confirms  that,  similarly  to  the  HSD3B1  gene,  the  mechanism 
involved  is  not  strictly  tissue-specific. 
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The  HSD3B2  intron  1  contains  a  3  1-A  element 


To  determine  if  a  region  with  functional  similarities  to  the  HSD3B1  gene  3  1-A  element  4 
responsible  for  the  stimulating  effect  intron  1  demonstrated  in  transfection  experiments^  weo^fapared^ 
oligo  3  1,  matching  the  3  1-A  element  as  previously  explored  (Guerin  et  al,  1 3  2 
matching  the  corresponding  HSD3B2  gene  intron  1  region  in  EMSA  (electrophomfi^^^biliT^^ift  assay) 
experiments.  The  results,  shown  in  Fig.  2  A,  indicated  that  both  probes  ar^gB^^specifically  shift  a 
strong  complex  of  identical  electrophoretic  mobility,  and  no  other  maiQMand|^ere  observed.  The  fact 
that  100  fold  molar  excess  of  unlabeled  oligo  3  2,  but  not  an^p^o^pnS^ng  the  Spl  consensus, 
competed  specifically  the  band  formed  by  probe  3  1,  and  vi^e^^ojJKned  that  the  same  protein 
specifically  binds  both  probes.  Guerin  et  al.  had  previousl)^^h^^SP"e  3  1-A  complex  formation  was 
dependent  on  the  presence  of  zinc  ions  in  the  bindine^cTOiSj^^it  required  the  integrity  of  the  stretch 
of  4  guanines  shared  by  the  3  1-A  element  and  TG  bo^^^using  the  same  criteria,  we  determined  that 
the  3  1-A  factor  was  the  protein  responsi^^^^^^dentical  mobility  complex  formed  by  the  3  1  and 
3  2  probes.  Indeed,  the  complex  was^^^pi^^te^^  addition  of  the  chelator  EDTA  at  a  concentration 
10  mM,  (b)  restored  when  5  to  overcome  the  EDTA  (Fig.  2B),  and  (c)  a  mutant 

oligo  bearing  a  substitution  to  As  (3  Im  and  3  2m),  was  unable  to  shift  the  same  complex 

when  used  as  a  probe  lane  4  and  6),  as  well  as  unable  to  compete  when  added  at  100  fold 

molar  excess  (Fig^^K  Moreover,  the  same  complex  was  formed  with  either  probe  with  the 

nuclear  extract  o^^^^  5  different  cell  lines,  which  complies  with  the  ubiquity  observed  for  the 

3  1-A  pro^m.  Thu^h^HSD3B2  gene  intron  1  contains  an  imperfectly  conserved  3  1-A  element  that  is 
still  ^H^o^^Bne  3  1-A  protein,  or  the  3  1-A  protein  only  binds  to  a  strictly  conserved  nucleotide 
se,  i  this  cw-element. 


Preprint  of  article  accepted  for  Journal  of  Molecular  Endocrinology.  Copyright  ©  2004  Society  for  Endocrinology.  1 3 
Made  available  as  an  Accepted  Preprint  on  07/04/2004. 

Available  online  via  www.endocrinology.org. 


Sp3  binds  the  TG  boxes  of  type  I  and  type  II  intron  1  with  different  efficiency 
The  TG  box  overlapping  with  the  3  1-A  element  is  conserved  between  type  I  and  type 
however,  the  previous  experiment  failed  to  show  significant  Spl  binding  to  both  3  1  ^d  3^|^robe,^ 
while  in  the  earlier  study  a  weak  but  more  conspicuous  Spl  binding  was  observed  1995). 

While  the  previous  study  added  at  both  extremities  the  unrelated  sequence  ga 
exclusively  of  nucleotides  matching  to  the  region  of  interest  because  of  a^i^^^t  tabbing  strategy. 
Therefore,  we  reasoned  the  cause  of  our  undetectable  Spl  binding  could ^^^e^orter^quence  provided 
at  the  3’  end  of  our  probe  and  that  a  probe  encompassing  more  flanking  region  would 

provide  a  better  spatial  requirement  for  binding  of  Spl  family  i^qpifi^jjj^oj^th  type  I  and  type  II  intron 
sequences,  we  designed  an  oligo  encompassing  less  5’  and  more  of  the  3’  flanking 

region  when  compared  to  the  3  1-A  element  of  both  j^lH^hil^^intaining  the  same  length  of  36  base 
pairs  (Fig.  2  C).  Despite  lacking  the  first  five  unstreal^^cleotides  of  the  3  1-A  element,  these  oligos 
were  still  able  to  form  the  3  1-A  band  in  j^^^K^experiments .  In  addition,  they  formed  3  to  4  new 
complexes  of  slower  electrophoretic  m^lit^^ynj^^d  in  Fig.  2  B  after  assigning  number  1  to  the  3  1- 
A  band.  This  result  matches  the  4  bi^L^^ig^ly  reported  (Guerin  et  al  1995),  with  the  difference  that 
the  slower  mobility  band  forn^^^the  intron  1  specific  probe  was  remarkably  more  intense,  and 
comparable  if  not  superiojjjKte  3  l^wand  (Fig.  2  B,  left,  first  lane).  This  slower  band  appeared  to  be  a 
doublet  (named  banA.4^roMb)  and  was  efficiently  competed  by  100  fold  molar  excess  of  an  Spl 
consensus  contailffig  i®|o^leotide,  which  also  competed  for  band  2.  As  expected,  oligos  3  1  and  3  2 
only  partia^^5mpe1^^r  band  4  and  2,  while  efficiently  competed  out  band  1.  Oligo  3  ISm  and 
3  2Sim^^feearigPhe  same  substitution  of  the  4  Gs  to  As  earlier  analyzed  in  Fig.  1  A,  not  only  did  not 
con^te  for^mplex  1  as  expected,  but  also  for  complex  2  and  4,  indicating  that  both  Spl -related  and 
J^-A  mnamg  activities  rely  on  the  guanine  stretch  for  optimal  binding.  These  mutant  oligos  did  compete 
veak  complex  forming  band  3  of  intermediate  mobility  between  the  Spl  consensus  competed  bands. 
SdCh  competition  suggests  a  protein  binding  to  the  3  1-A  element  in  a  region  not  involving  the  four 
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guanines  forms  the  complex.  The  use  of  antibodies  against  Spl,  Sp2  and  Sp3  revealed  that  Sp3  ac^nts 
for  two  of  the  4  complexes  (Fig.  2  B,  middle).  Indeed,  when  Sp3  antibody  was  added  to  th 
reactions,  band  4a,  the  lower  and  more  conspicuous  band  of  the  doublet  was  abolished,  along  ^l^and  2'* 
likely  formed  by  the  smaller  Sp3  (73  kDa)  alternative  translation  product  (Kennett^^^^7r§uske 
1999).  Addition  of  Spl  antibody  resulted  in  disappearance  of  the  fainter  upper  j^^^aV^mhe  doublet 
and  only  a  weak  supershift  could  occasionally  be  seen.  Addition  of  Sp2  antip^^p^ne  same  effect, 
with  the  difference  that  a  slightly  more  intense  supershifted  band  was  segnfwi^nobii^  lower  than  Spl 
supershift.  A  stronger  4b  band  was  seen  when  antibody  against  Sp3^^  i^ea^^gesting  that,  as  Sp3  has 
the  strongest  affinity  for  binding  to  the  region,  only  when  Sp3  is  pi^i^d  binding  other  factors  can 
access  the  site.  Surprisingly,  the  type  II  intron  1  TG  box  efficiently,  as  demonstrated  by 

less  Sp3  shift  when  3  2S  oligo  was  used  as  a  probe  and  by  its  partial  ability  to  compete 

the  doublet  formed  with  labeled  3  IS  (Fig,  2B,  left,  l^^ff  By  densitometry  analysis  we  determined  that 
Sp3  binds  to  the  type  II  TG  box  3  fold  le^^ffl^ie  type  I  TG  box  (results  not  shown).  The  binding 
activity  could  be  brought  to  the  same^^t^^^s^B  for  the  type  I  intron  1  when  an  oligo  bearing  a 
substitution  A+138  to  G  (Fig.  2  O  (q^^own),  which  reproduces  the  3’  flanking  region  of  the 

type  I  TG  box.  Despite  the  facgffiat  Sp^^pbody  did  result  in  disappearance  of  the  faster  band  of  the 
doublet,  we  cannot  conclij^l^at  Sp^^part  of  the  observed  complex,  as  anti-Sp2  antibody  was  able  to 
supershift  Spl  protein  in  Drosophila  Schneider’s  cells  (not  shown),  which  do  not  express  Spl 

family  members,^Ps  ipl^batin  Pbross-reacti vitv. 


Maii^mg  th^oundaries  between  3  1-A  and  Sp3  binding  activities 

Our  ^^A^Rults  indicated  that  3  1-A  and  Sp3  binding  to  the  3  1-A  element  and  TG  box  respectively 
Cf&lly  exclusive,  as  no  lower  mobility  complex  indicative  of  a  protein-protein  interaction  could  be 
s^.  Therefore,  we  were  interested  in  creating  mutants  able  to  bind  either  the  3  1-A  protein  or  Sp3  to  be 
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able  to  discern  the  function  of  each  of  those  two  factors  in  relation  to  the  HSD3B2  gene  basal  promoter 

if 

activity  upon  transfection  experiments.  To  precisely  define  how  and  at  what  extent  the  G4^tren 

shared  between  the  apparently  overlapping  cw-elements,  we  used  two  mutant  oligonucle^d^sJlB^Ml 
changed  the  first  two  guanine  of  the  G  stretch  to  As,  while  oligo  M2  changed  the  last  ^^gu^SfSlc.s  in  the 
same  way  (Fig.  3  B).  When  used  in  EMSAs  (Fig.  3  A,  left).  Ml  was  unable  to  bj^^^  whi^he  3  1-A 
band  was  unaffected.  M2  bound  Sp3  similarly  to  as  seen  with  wild  type  3^^.  ^^Ble  3  1-A  band  was 
severely  diminished.  This  result  indicates  that  the  distal  two  guanirjg^^^^sequence  TGGGGT  are 
essential  for  Sp3  binding,  and  not  necessary  for  3  1-A  bindin^Fhg^ox^nfe  two  guanines  are  not 
required  for  Sp3  binding,  but  important  for  3  1-A  factor  bindi^ 

Next  we  asked  what  is  the  contribution  of  the  long  stre^^ffideh'iffes  to  3  1-A  factor  binding,  which 
accounts  for  as  many  as  8  and  6  residues  in  the  HS^ffil  flb  HSl^B2  gene,  respectively.  We  disrupted 
the  Ag  sequence  by  changing  the  5  adenines  immedi^^  preceding  the  TG  box  to  CCTTC  (oligo 

3  2mS)  and  found  that  the  substitution  ^^^t^^revents  formation  of  the  3  1-A  band  (Fig.  3  A, 
middle,  first  lane)  while  unable  to^^Rmtov  S^Itional  complex.  To  determine  what  is  the  minimal 
number  of  adenines  required  forJBto^^lidiF  1-A  binding  activity,  we  created  a  series  of  3  oligos  that 
reinstate  two,  three  and  fomr^ni?f^^pectively,  and  found  that  4  adenines  are  required  in  front  of  the 
TG  box  to  restore  3  1  activity  to  the  type  II  intron  1  (Fig.  3  A,  middle,  lane  2,  3  and  4).  Lack 

of  competition  wjl^lh^lg  l^^rotein  is  likely  the  reason  for  the  stronger  Sp3  binding  to  these  mutant 
oligomers,  ayi^n^^p^e  unknown  protein  that  forms  band  3,  the  complex  of  intermediate  mobility 
between  th^loweirod  faster  Sp3  band,  whose  binding  to  the  probe  is  dependent  on  the  integrity  of  the 

A6  (^^^^middle,  all  lanes  lack  this  complex).  We  also  tested  a  mutant  oligo  bearing  a  deletion  of 

sequence,  T(G)4,  which  surprisingly  abrogated  formation  of  every  band  seen  with  the  wild 
:  probe  except  for  the  3  1-A  band.  In  addition  to  the  3  1-A  band,  T(G)4^  M2  and  all  oligos  bearing 
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mutations  in  the  adenine  stretch  affected  also  formation  of  a  faster  band  that  appeared  to  be  as  sped^  as 
the  3  1-A  band,  but  whose  intensity  and/or  formation  was  not  constantly  observed,  as  later  discus^ 

Through  this  mutational  analysis  and  considered  that  the  3  1-A  protein  is  still  able  to  recogHfejrobe" 
3  IS  and  3  2S  despite  of  their  lacking  5  nucleotides  of  the  3  1-A  element,  we  thS"  the 

3  1-A  protein  recognizes  only  a  shorter  segment  of  the  24  base  pair  element.  It^S®dee^»ident  that 
the  conserved  sequence  AAAATGG  represents  the  core-binding  region  for  th^^^^fecto^  and  that  the 
Sp3  core-binding  region  is  the  sequence  GGTGG.  Therefore,  the  3  and  the  TG  box  of  the 

HSD3B2  and  HSD3B1  gene  appear  to  be  flanking  rather  than  ovjj  Srniife  c/j?ibments.  In  light  of  this 


of  the  deletion  of  the  4  Gs, 


conclusion,  oligo  T(G)4  is  still  able  to  bind  the  3  1-A  facto^ 

the  two  required  G  residues  are  yet  provided  by  the  fo^^^^  ^Sce.  Sp3  binding,  on  the  other  hand, 
is  no  longer  supported  by  this  oligo,  indicating  th^^^e^PquenTe  GGAGG  is  unable  to  functionally 
replace  the  sequence  GGTGG. 


YYl  is  the  protein  forming  the  3 

The  sequence  AAAATGG,  tha^^^esei^^^^ore-binding  region  of  the  3  1-A  factor,  is  almost  identical 
to  the  UCR  (upstream  com^||ed  reg^^  of  the  Moloney  murine  leukemia  virus,  which  is  known  to  bind 
the  transcription  (Flanagan  et  al.  1992),  later  identified  as  the  murine  YYl  (Safrany  & 

Perry  1993).  is^^  one  of  many  consensus  sites  known  to  bind  YYl  (Shi  et  al  1997),  all 

sharing  the  cS^pStif,  was  later  found  also  in  many  other  viral  and  cellular  genes.  The  3  1-A 

factor  core^^ngBgion  matches  the  UCR  nucleotide  sequence  7  out  of  9  nucleotides  (Fig.  4).  To  find 
outgthe  3^A  band  is  formed  by  YYl,  an  oligonucleotide  containing  the  UCR  element  was  tested  in 
^EMS^^S^ents  in  competition  with  the  3  2S  probe.  Addition  of  100  fold  molar  excess  of  cold  UCR 
®wr^&Ited  in  the  complete  disappearance  of  the  3  1-A  band  formed  with  nuclear  extract  from  three 
diTOrent  cell  lines  (Fig,  4  A),  suggesting  that  the  factor  binding  to  the  3  2S  probe  -and  therefore  3  IS  as 
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well  as  3  1  and  3  2-  is  able  to  recognize  the  UCR  element.  The  competition  was  specific,  as  tl:m|^p3 


band  was  unaffected.  Furthermore,  when  used  as  a  probe,  the  UCR  containing  oligo  forme(iP  biggie 
complex  with  the  same  identical  electrophoretic  mobility  as  the  3  1-A  band  (Fig.  4  B).  Whe^Mabbit"^ 
polyclonal  antibody  directed  against  fiill-length  YYl  was  added  to  the  binding  reacjfens/^toation  of 
both  the  3  1-A  band  and  the  UCR  band  was  lost  and  a  complicated  pattern  o^^^^hi^^fcands  was 
seen  with  both  probes.  These  results  suggest  that  the  protein  responsiblej^^^^^^UA  band  is  the 
transcription  factor  YYl  or  a  factor  antigenically  related  to  YYl.  As  YV^fc  laRvn  as  a  68  kDa  protein, 
while  the  size  of  the  3  1-A  factor  was  estimated  to  be  37  kDa  b]^^r^an^^-workers  (Guerin  ei  al 
1995),  we  compared  the  size  of  the  band  shifted  by  labeled  UG^^i^^^^^n  nuclear  extracts  with  “/« 
vitro''  translated  YYl.  The  vitro"  transcribed  and  tran^^gdp®H®trom  plasmid pCMX-YY\  in  gel 
retardation  assays  did  shift  the  UCR  probe  forming  a^^Mpec^  complex  of  the  same  mobility  as  the 
one  observed  with  nuclear  extracts  (Fig.  5  A).  Westernising  analysis  revealed  that  anti-YYl  antibody 
-the  same  antibody  used  in  our  EMSAs-,  a  band  of  molecular  weight  slightly  above  55  kDa 

for  the  “/«  vitro"  transcribed/translatedfi[^^^fegtdp(Fig.  5  B,  lane  2)  and  nuclear  extracts  from  both 
SW-13  (Fig.  B  A,  lane  3)  and  LN^^^^s  fipg.  5  B,  lane  6)  as  well.  This  band  was  not  formed  in 
negative  control  reactions  co^^mjg  vitro  "  transcription/translation  coupled  reaction  without 

template  (Fig.  5  B,  lane  yjjUjfcis  resi^ndicated  that  the  3  1-A  band  formed  by  nuclear  extracts  with 
UCR,  as  well  as  3  oligomers,  correspond  to  full-length  YYl  protein.  In  addition  to  the  full- 

length  band,  anti^&^mti^^y  recognized  also  two  additional  bands  of  lower  molecular  weight.  A  band 
approxima^^^  35^^^rond  another  band  around  30  kDa  could  be  seen  with  both  nuclear  extract  and 
TNT  rabbi^^ipu^^^e  lysate.  To  confirm  that  YYl  binds  the  3  2  probe  and  that  it  can  eventually  be  co- 
pur^ed  troi^he  bound  proteins  as  differently  sized  polypeptides,  we  have  used  a  modification  of  the 
Schnology  method  for  the  isolation  of  DNA  binding  proteins  recently  proposed  by  Nelson  et 
?).  Briefly,  proteins  from  SW-13  or  LNCaP  cell  nuclear  extracts  were  incubated  in  binding  buffer 
a  3  2  oligomer  whose  upper  strand  carried  an  Acrydite  moiety  at  its  5’  prime.  Then  the  oligomer 
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was  immobilized  to  acrylamide  as  described  (Nelson  et  al.2002)  and  the  unbound  proteins  were  sepamted 
from  the  bound  complexes  by  electrophoresis.  An  aliquot  of  a  crude  preparation,  consisting  of  emf^||Lnd 
concentrated  3  2-binding  proteins  from  recovered  acrylamide  slices,  reacted  with  anti-YYl  a^^ody  in 
Western  Blots,  forming  three  bands  of  the  same  molecular  weight  as  obtained  witl^n^bt^  mSear 


extract  proteins  (Fig.  5  B,  lane  5).  Likely  because  of  contaminants  in  these  san^^^id  ot^oss-prone 
modification  of  the  original  method,  the  antibody  recognized  bands  were  les^feffis^tnan  expected, 
particularly  when  compared  with  the  bands  from  unbound  nuclear  proteijmC^mssie  staining  of  an  SDS 
gel  of  the  same  preparation  revealed  bands  whose  size  were  identi^^o^e^^  specific  bands  (Fig.  5 
C).  In  addition,  an  intense  band  of  molecular  weight  intermcdjjitg  ro|^aQ^9  kDa  was  also  observed, 
that  was  not  recognized  by  anti-YYl  antibody.  Sp3  admo<fr||mspya  rabbit  polyclonal  antiserum, 


recognized  the  proper  Sp3  specific  bands  of  105  andj 


,  bu^iled  to  recognize  the  30  and  35  kDa 


bands  (Fig.  5  B,  lane  8).  These  results  indicate  that  at  different  YYl  polypeptides  were  specifically 


recognized  by  anti-YYl  antibody,  correspond 


he  full-length  protein,  and  to  two  fragments  of  about 


35  and  30  kDa.  They  also  indicate  ^t^^e polypeptides  bind  the  3  2  oligomer,  which  is 
consistent  with  the  previously  es^mt^^iz^m  the  3  1-A  factor  and  is  likely  due  to  proteolytic 


degradation  of  YYl . 


Existence  of  a  se^nd 


<1^ 


ithin  the  HSD3B2  and  HSD3B1  gene  Intron  1 


Established  j 


ce  AAAATGG  within  the  3  1-A  element  binds  YYl,  as  well  as  that  YYl  and 


the  3  1-A  ^^m^^dentical,  we  observed  that  a  similar  sequence  is  located  in  reverse  orientation  about 
35  i^leoticte  downstream  the  TG  box  in  the  type  II  intron  1.  Because  of  a  substitution  T/G,  the  site  is 
Jiot  pe^^g^onserved  in  the  type  I  intron  1  at  the  same  location.  However,  thanks  to  another  substitution 
^^praucleotide  +134,  a  variant  of  the  sequence  is  placed  immediately  following  the  TG  box  in  the  type 
I  ipron  (AAAATGAGG  in  type  I,  AAAATAAGG  in  type  II).  To  verify  whether  or  not  these  sequences 
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are  able  to  bind  YYl,  we  designed  the  oligos  shown  in  Fig.  6  B  and  tested  them  in  EMSAs,  As  sho^  in 
Fig.  6  A,  the  EMSA  experiments  confirmed  the  ability  of  YYl  to  bind  the  HSD3B2  intron  1  35, 
downstream  the  3  1-A  element  (oligo  147).  YYl  recognized  this  oligo  with 

than  the  efficiency  exhibited  by  binding  to  the  UCR  and  even  to  the  3  1-A  element.  di^^eiy  is  in 
agreement  with  our  finding  that  only  the  two  proximal  G  residues  are  absol^^^f^qul^  for  YYl 
binding  within  the  3  1-A  element  (Fig.  3).  In  accordance  to  these  obsemlfl^ the  corresponding 
sequence  in  type  I  intron  1  is  not  able  to  bind  YYl  because  of  its  beai^^jj^3  oufof  the  4  required 
adenines.  Oligo  125,  matching  the  putative  YYl  binding  site  layin^^^ei^^the  type  I  intron  1  TG 
box  was  able  to  bind  YYl,  however  with  much  lower  affinity, .a^l^l^ai^rcgion  in  the  type  II  intron 
was  unable  to  bind  this  transcription  factor,  as  expectec^&o^^gpto  the  results  of  the  mutational 
analysis  shown  in  Fig.  3.  This  analysis  revealed  thay^^^o^^s  the  same  sequence  in  two  different 
regions  within  intron  1  of  both  the  HSD3B1  and  HS^^^^enes.  One  site  is  conserved  between  the  two 
genes  for  nucleotide  sequence  and  location^JIfeil  the  7  conserved  nucleotides  of  the  3  1-A  element 
immediately  juxtaposed  to  the  5’  prim^^^^®EGh|ff;  the  second  site  differs  between  the  two  genes  for 
location  and  orientation.  In  type  t^econd  YYl  site  is  a  slight  variant  of  the  AAAATGG 

sequence  located  8  nucleotid^^^nstrei^e  3  1-A  element,  immediately  following  the  3’  prime  of 
the  TG  box.  In  type  11  intj^Jj^he  seCTpl  site  lays  in  reverse  orientation  35  base  pair  apart  from  the  3  1- 
A  element.  These  findii  IfcaKmmarized  in  Fig.  6  C. 


YYl  eijian^^th^SD3B2  gene  basal  promoter  activity  by  binding  to  the  two  identified  binding 
regies  witl^  the  gene  intron  1 

JTo  exTOcfi^iether  or  not  YYl  is  functionally  involved  in  the  boost  of  basal  promoter  activity  mediated 
5D3B2  gene  intron  1,  we  over-expressed  YYl  in  presence  of  the  same  reporter  constructs  (Fig.  1 
ve  earlier  used  to  assess  the  functional  relevance  of  the  intron  in  transient  transfection  assays.  As 
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shown  in  Fig.  7  (A),  YYl  stimulated  the  full-length  construct  /7GI3-HSD2(-5i7/+193)  in ^^t^se 
dependent  manner  up  to  about  4  fold,  while  it  failed  to  stimulate  the  intron-less  construct  pGL 


517/+23).  This  result  confirmed  that  YYl  is  the  effector  of  the  trans-activation  mediated  by 
the  gene  basal  promoter  activity.  To  investigate  the  contribution  of  each  of  the  two  Y\iJ5iITd|^  sites  we 


had  identified  we  proceeded  comparing  the  activity  of  a  wild  type  lucifej^^^poS^construct 


encompassing  the  HSD3B2  gene  sequence  from  nucleotide  -246  to  nuclem 


WLi-HSD2(- 


246/+193),  with  identical  constructs  that  were  abrogated  of  YYl  bindin^^eiMr  th^  1-A  element  or 
the  distal  site  or  both,  by  changing  the  4  adenines  required  for  its  sites.  For  this  purpose, 


oligo  B2mS  (shown  in  Fig.  3)  and  its  antisense  were  used  to  abolisl^ 


an  oligo  identical  to  oligo  147  (shown  in  Fig.  6  B),  excep^^l 
CCTT,  was  used  to  eliminate  YYl  binding  to  the  dist^^lJ^^ 


^^5ing  in  front  of  the  TG  box; 
(le  4  critical  adenines  changed  to 


directed  mutagenesis.  In  addition,  we 


also  tested  a  construct  bearing  the  T(G)4  deletion  thaflf^^ates  the  sequence  TGGGG,  thus  preventing 

Sp3  binding  but  not  YYl  binding  (Fig.  3).^^^^^^^,  inability  of  YYl  to  bind  its  site  within  the  3  1-A 
element  had  little  effect  on  the  basal^fem^MW^^ty  (Fig,  7  B).  A  similar  effect  was  seen  with  the 


construct  that  bears  a  deletion  of  J 


element  and  TG  box  do  not  i 


^^^o?yhierefore,  YYl  or  Sp3  binding  to  the  juxtaposed  3  1-A 
majWrole  in  the  intron  1  mediated  increase  of  the  HSD3B2  gene 


basal  promoter  activity^ilm,  deletmn  of  the  distal  YYl  binding  site  resulted  in  a  50%  decrease  of 
basal  activity.  Com^te  ^ffi^tion  of  YYl  binding  within  intron  1  resulted  in  a  basal  promoter  activity 
that  was  only  wjU  type  activity.  Remarkably,  this  result  reproduced  the  loss  of  activity  seen 

with  the  prmorer  cons^ct  missing  the  whole  intronic  sequence  and  also  it  made  evident  that  Sp3,  or  any 
other  ^^^^^^nbers,  has  no  ability  to  direct  the  boost  in  basal  activity  through  intron  1  of  the 
HsMb2  ge^  Thus,  the  proximal  YYl  site  within  the  3  1-A  element  and  the  distal  YYl  binding  site 
l^ntrib^^^o  boost  the  HSD3B2  gene  basal  promoter  activity.  We  observed  the  same  effect  in  several  cell 


,  including  SW-13,  Cos-7  and  LNCaP  cells. 
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DISCUSSION 


Despite  the  pivotal  role  of  the  3  -Hydroxysteroid  dehydrogenase  type  II  enzyme  in  the  biosvntHljSLof  all 


steroids,  the  molecular  mechanisms  that  regulate  the  gene  expression  are  yet  to  b^fouj^Mderstood. 
Lately,  important  studies  have  been  published  concerning  the  significance  of  sterom^^ic^feor  1  in  the 
HSD3B2  gene  expression  and  its  synergistic  effect  v^^ith  phorbol  ester  (Leers-SuS^^^Tfl/!  1997).  as  well 
as  its  regulation  by  cytokines  (Cote  et  al.  2000,  Gingras  et  al,  2001),  gc^flotj^ines  (Fcltus  et  al  1999) 
and  glucocorticoids  (Feltus  et  al.  2002).  However,  ho  study  has  in^^igateal^  role  of  intron  I  in  the 


HSD3B2  gene  basal  activity  so  far,  despite  a  previous  finding  that  i 
requires  the  activating  3  1-A  element  within  the  first  introiflm  1«S 


l^^omologous  HSD3B1  gene 
basal  promoter  activity  to  its  full 


potential  by  binding  the  unknown  3  1-A  factor.  IiUp^^dy^^have  shown  that  the  HSD3B2  gene 
intron  1  is  required  to  achieve  maximal  basal  acti^^^evels  of  the  promoter  region.  Despite  the 


suggestion  that  the  HSD3B1  and  HSD3B2 


we  have  proved  the  existence  of  such 
specifically,  we  have  proved  that  tl^E  jM 


not  share  the  3  1-A  element  (Guerin  et  al,  1995), 
iment  in  the  intron  1  of  the  HSD3B2  gene.  More 


pjgtein  binds  to  a  conserved  region  of  7  nucleotides  of  the 


3  1-A  element  in  both  genes^ffiough  a^utational  analysis  that  has  ultimately  helped  us  pinpointing 


similarities  between  the  ^^l^^indinPcore  and  the  UCR  core  recognized  by  the  multi  role  transcription 
factor  YYl.  We  ha^s^^^^vidence  that  YYl  is  indeed  the  protein  binding  “in  vitro''  to  the  3  1-A 
element  by  comp^mo^Kalws  and  use  of  anti-YYl  antibody. 

YYl  f^^CTfectl^ple  profile  for  being  the  3  1-A  factor,  as  it  is  ubiquitously  and  constitutive ly 
expresg^  ^^^^1^997,  Austen  et  al.  1997).  It  contains  four  zinc  finger  domains  with  homology  to  the 
GLmjuppe^ami ly  of  proteins  (Shi  et  al.  1991),  thus  explaining  the  3  1-A  protein  requirement  for  zinc 
despite  a  predicted  molecular  weight  of  44  kDa,  YYl  is  known  to  migrate  as  a  65-68  kDa 
SDS  gels  (Shi  et  al.  1997),  whereas  the  3  1-A  factor  was  attributed  a  molecular  weight  of  37 
kDa  by  UV-crosslinking  analysis  (Guerin  et  al.  1995).  This  apparent  discrepancy  can  be  explained  by 
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recent  findings  that  claim  YYl  proteolytic  mechanisms  as  part  of  degradation  processes  and  even  t^ue- 
specific  signal  transduction  pathways.  Specifically,  YYl  was  shown  to  be  the  target  of  calp^ 
mechanism  aimed  at  downregulating  YYl  protein  during  muscle  development  (Walowitz 
which  generates  a  40  kDa  polypeptide.  Moreover,  a  nuclear  cathepsin  B-like  protease„^^^pp^s  to 
degrade  YYl  (Pizzomo  2001)  generating  two  fragments  of  about  30  and  a" 

associated  with  the  progression  of  undifferentiated  to  differentiated  NT2_c30^®o!rWatment  with 
retinoic  acid.  In  this  case,  the  larger  cleavage  product,  representing  the  ^  JPermiiiSl  portion  of  YYl 


snomenon 


:nsus  forming  a  faster 
^ation  of  Interleukin  2  to 


containing  the  zinc-finger  domain,  was  shown  to  bind  the  cogn; 
complex  in  gel  shift  assays.  Bovolenta  et  al.  (1999)  founds.. 

individuals  affected  by  HIV  induced  downregulation  of  YliJ^OTo^||&Migh  activation  of  an  unidentified 
proteolytic  activity,  which  resulted  in  appearance  of^f^'^^^nd  of  unknown  molecular  weight  in 
gel  shift  analysis.  Interestingly,  when  YYl  was  first  i^^jffifor  its  ability  to  bind  the  UCR  site,  a  40  kDa 
antigenically  related  protein  was  co-purified  jgfflyjBecker  et  al.  1994)  and  found  to  account  for  much  of 


I  YYl.  In  light  of  the  latest  findings,  the  40  kDa 


the  UCR  binding  activity  in  T-lympho®i% 

protein  could  have  been  a  truncated^^nn^ff  Y^IT  As  a  consequence  of  these  observations,  it  cannot  be 
excluded  that  in  the  previous^^'  ol^^D3Bl  gene  (Guerin  et  al.  1995)  during  the  procedures 
required  for  UV  cross-lirOsj^ana^^  a  pre-existing  truncated  YYl  fragment  was  also  isolated.  In 
addition  to  the  37  kDa  ^^^^^buted  to  the  3  1-A  protein,  accordingly  to  Guerin  and  coworkers,  the  UV 
cross-linking  an^^  n^u^Kwo  additional  specific  complexes  that,  once  approximately  corrected  for 
the  contribu^fflJof^^sUKnucleotide,  did  yield  molecular  weight  compatible  with  full-length  YYl.  In 
support  of^^^^^^uggestions,  we  did  observe  frequently  but  not  constantly  appearance  of  a  band  of 
fast^^^ilte  in  respect  of  the  YYl/3  1-A  band  in  our  gel  shift  experiments,  specific  to  both  3  lS/3  2S 
^^Oes  (Fig.  3,  and  seen  also  in  Fig.  6).  Formation  of  this  faster  band  seems  to  be  sensitive  to 
ental  slight  changes  of  pH  or  ionic  strength  that  facilitate  binding  of  pre-existing 
ors/fragments,  and  also  it  might  be  influenced  by  the  nucleotides  flanking  the  consensus,  as  our 
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deletion  construct  T(G)4  was  able  to  form  this  faster  complex  at  all  times.  In  addition,  use  of  antjJt^Yl 

antibody  in  gel  shift  experiment  showed  more  than  one  supershifted  band.  We  excludg^Mat 
fragmentation  occurred  during  the  manipulation  of  the  nuclear  extracts  and  incubatioq^jme^ffl^ng 
reactions,  because  despite  absence  of  protease  inhibitors  in  our  nuclear  extracts,  incub8|^^^j,  extract 
at  37°  C  for  1  hour  before  probe  addition  in  EMSA  binding  reactions  did  noy^^^ie^^arance  of 
faster  bands  in  control  experiments  that  did  not  exhibit  formation  of  those^^^iT^^^^ntreated  samples 
(not  shown).  Despite  we  cannot  at  this  time  explain  their  origin,  neithe^igjy^gnificance  in  relation  to 
the  HSD3B2  gene  basal  activity,  we  have  demonstrated  that  2  bajps  ofi^mil^^olecular  weight  to  the 
previously  identified  YYl  fragments  could  be  isolated  fTomffi&cle^^pjm^lexes  bound  to  the  3  1-A 
element.  The  35  kDa  YYl  fragment  could  likely  account  f^m^^^^band  previously  attributed  to  the 
3  1-A  factor. 

In  addition  to  having  characterized  YYl  as  the  facto^^^ng  the  3  1-A  element,  we  have  identified  a 
second  YYl  binding  site  in  both  type  I  aj|^^^p3^}ntrons.  Indeed,  a  sequence  100%  identical  to  the 
region  we  have  found  to  bind  YYl  wi^  the^M|^element,  and  80%  identical  to  the  UCR,  was  found 
to  bind  YYl  at  the  end  of  the  HSD^I^^^o^^Interestingly,  this  sequence  is  reversed  in  respect  of  the 
orientation  of  the  identical  sq^^^^^ithitilhe  3  1-A  element.  A  weaker  YYl  binding  site  was  found  at 
the  3  ’  end  of  the  TG  HSD3B 1  intron  1 .  This  last  finding  might  explain  why  Sp3  binds  with 

better  efficiency  th^^  1^^^^  than  the  3  2S  probe.  We  could  bring  the  band  intensity  formed  by  Sp3 
bound  to  3  2S  to^^pen^f  the  3  IS  probe  when  we  changed  the  only  nucleotide  that  differs  between 
the  type  I  type^se^ence.  This  one  nucleotide  mismatch  in  position  +134,  A  in  type  11,  G  in  type  I, 
does  ipl^ff^^pigion  strictly  required  for  Sp3  binding  (Fig.  2),  neither  is  it  part  of  a  region  that  may 
repi^^nt  anMer  Spl/Sp3  binding  site,  as  demonstrated  by  the  fact  that  oligos  125  and  126  are  unable  to 
^ily  members  (Fig,  6  B).  It  is  possible  that  a  G  instead  of  A  at  the  3’  end  of  the  Intron  1  TG 
^may  facilitate  Sp3  binding  to  a  region  rich  in  As  and  Ts,  by  reducing  or  disrupting  any  intrinsic  DNA 
structure.  However,  a  more  likely  explanation  is  that  in  the  fewer  cases  when  YYl  is  sitting  onto  the  less 
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efficient  site  outside  the  3  1-A  element,  Sp3  displaces  it  for  binding  to  the  TG  box  easier  than^^an 
displace  YYl  bound  to  the  stronger  site  within  the  3  1-A  element.  Our  findings  suggest  the 
playing  a  role  in  the  HSD3B1  gene  basal  activity  need  to  be  further  investigated,  as  the  concli^^^f  the" 
previous  study  were  based  on  the  analysis  of  a  mutant  that  affected  not  only  YYl  bitj^^PsthP  3  1-A 
element  but  also  Sp3.  While  the  importance  of  Spl  was  disregarded  in  the  previ^^ffldy  ^^use  of  the 
weaker  binding  of  this  factor  to  the  3  1-A  element  flanking  TG  box,  we  have^^^^ovSl  the  oligomer 
used  in  that  study  could  not  support  proper  Spl  family  member  bindin^l^d^pt  Sp3  is  the  Spl  family 
member  that  electively  binds  the  region  with  intensity  comparaMe  tQ|^e  c^iplex  formed  by  YYl. 
Nevertheless  our  results  in  mammalian  cells  did  not  evidence  in  the  maintenance  of  the 

HSD3B2  gene  basal  activity,  the  different  organization  of  tffiyv^®BP^nding  sites  in  respect  of  the  TG 
box  in  the  HSD3B1  gene  intron  1,  and  the  consequei^^lP^ed^^  competition  for  its  site  in  “/«  vitro*' 
experiments,  suggest  that  Sp3  may  have  a  different  outSTOkin  the  HSD3B1  gene  basal  promoter  activity. 
The  importance  of  the  weaker  YYl  bindin^^^^^^iately  flanking  the  TG  box  at  the  3’  end  also  needs 

We  have  fimctionally  characteii^^^^mmrtance  of  YYl  in  the  intron  1  mediated  enhancement  of 
the  HSD3B2  gene  basal  pron^Kactiv^^issimilarly  from  the  HSD3B1  gene  (Guerin  era/.  1995), 
disruption  of  the  YYl  biu|B^  site^^lin  the  3  1-A  element  did  not  result  in  a  3-6  fold  reduction  of 
promoter  activity,  a^omtkimc  that  further  contributes  to  make  evident  differences  in  the  mechanism 
implicated  in  the^hciBR  o£^e  I  and  type  II  intron  1.  However,  disrupting  YYl  binding  to  the  distal 
site  with  0|^j5ite  ori^^^n  resulted  in  a  50%  decrease  in  basal  promoter  activity.  When  both  sites  were 
simultaneo^^y  eli^iated,  the  residual  promoter  activity  was  only  30%  of  the  wild  type  promoter 

jm 

acti^ty,  a  result  functionally  identical  to  the  lack  of  the  whole  intronic  sequence.  As  the  two  35  base  pairs 
jpart"^^|^ding  regions  have  opposite  orientation,  and  YYl  is  known  to  induce  DNA  bending  by 
To  its  cognate  sequence  (Natesan  &  Gilman  1993,  Kim  &  Shapiro  1996),  one  could  speculate  that 
binding  to  the  two  regions  within  the  HSD3B2  intron  1  would  induce  formation  of  a  loop  which 
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might  help  binding  and/or  interaction  of  other  factors  involved  in  the  HSD3B2  gene  basal  transcrMon. 


As  it  is  known  that  TBP  and  TFIID  require  bending  of  the  TATA  box  region  for  optimal  bindit^^^^^ 
et  al.  1995),  it  is  suggestive  to  hypothesize  that  YYl  binding  to  intron  1  would  help  maintainm^^N/i 
conformation  that  facilitates  the  RNA  polymerase  complex  formation  onto  the  impfero^fe^TAnbox 
(Lachance  et  al.  1991)  of  the  HSD3B2  gene.  Similarly  to  our  study,  Kerr  e^^fe9^^^ound  that 
extending  the  human  bone  sialoprotein  gene  promoter  to  include  the  first  of  intron  1 

resulted  in  a  3  to  7  fold  increase  in  reporter  activity  in  UMRl  06-01  BPi^ll®nter^ingly,  the  human 
bone  sialoprotein  gene  possesses  an  inverted  TATA  box,  and  one  '^^^bindi^^ite  was  found  within  the 
first  30  base  pairs  of  intron  1.  The  explanation  we  suggest  is  J^escribe  the  mechanism  of 

YYl  action  through  its  binding  sites  in  the  HSD3B2  gen^^OCT^^pr  than  YYl  acting  by  changing 
the  DNA  structure  and/or  chromatin  organization  b^^TOilit^^recruit  factors  with  intrinsic  histone 
acetylase  activity  (Thomas  &  Seto  1999).  IndeecL^ffl^eliminary  transfection  experiments,  66  nM 
Trichostatin  A,  a  drug  known  to  inhibit  hys^H^^cetylase  thus  boosting  gene  activity  by  favoring  an 
open  chromatin  structure,  did  increase^ ti^basal  Sivity  of  the  wild  type  and  double  YYl  deletion 


constructs  at  a  similar  extent  (3  tr^mection  experiments.  This  suggests  that  YYl  is  not 

functioning  at  the  intron  1  level idffavonrotepstone  acetylation. 


Taken  together  our  results  indics^yhat  the  HSD3B2  gene  intron  1  is  required  for  maintaining  the 


gene  basal  promoter  a^ 


the  highest  levels  observed  in  transfection  experiments  with  a  reporter 


system,  and  thatjy  1  ^^he^ltor  that  mediates  such  effect  by  binding  to  two  different  regions  within 
intron  1,  As ^^lav^j^pientified  YYl  to  be  the  3  1-A  protein,  the  /raw.y-activator  that  was  attributed  a 
similar  rol^L  the  I^D3B1  gene,  this  study  points  to  a  major  role  of  YYl  in  affecting  the  basal  levels  of 


3  “wSroxy^roid  dehydrogenase  activity.  Additional  studies  will  be  required  to  explore  the  mechanisms 


impli^fed|ijPyYl  contribution  to  the  basal  activity  of  both  the  HSD3B1  and  HSD3B2  genes. 


j^^j^TOiportant  consideration  arising  from  this  study  and  the  previous  study  on  the  HSD3B1  gene  is 
tim nucleotide  sequence  variants  occurring  within  the  HSD3B1  and  HSD3B2  gene  intron  1  may  result  in 
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more  or  less  profound  changes  in  gene  basal  activity,  and  consequently  they  should  not  be  exclude(^om 
being  characterized  merely  because  of  their  occurrence  within  an  intronic  sequence. 

Lastly,  nonetheless  the  importance  of  our  findings  in  the  contest  of  the  native  chrom  W  gene^ 
needs  to  be  assessed,  the  information  this  study  provides  may  be  valuable  for  desigg^^  ^dgene 
therapy  strategies,  and  in  particular  strategies  based  on  the  employment  of  suicy  HSD3B2 

gene  offers  an  example  of  steroidogenic  tissue-specific  promoter  that  could  be^  ffliffirFoPTargeted  gene 
therapy  strategies  designed  for  localized  diseases  such  as  ovarian,  adrenal  a^tesl  ular  cancer. 
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FIGURE  LEGENDS 


Fig.  1:  The  HSD3B2  gene  intron  1  is  required  for  maximal  promoter  basal  activity,  A  A^h^matic 


representation  of  the  HSD3B2  gene  organization  and  partial  sequence  alignment  o^^^^^^^Tand 
HSD3B2  intron  1  is  shown.  Open  boxes  indicate  untranslated  exon  sequences  aswfev^S’  and  3’ 


untranslated  regions;  solid  boxes  indicate  the  coding  exons.  Roman  number^ 


ch  exon.  The 


transcription  initiation  start  in  exon  1  is  shown.  In  the  sequence  align^^R,  w  nucleotides  part  of  the 
control  elements  previously  identified  in  the  HSD3B1  gene  intron ^^6^^^^pped  by  a  colored  box 


and  the  name  of  each  element  is  shown  above  each  box.  n^^oti^s  previously  identified  as 


protected  in  DNAse  footprinting  experiments  are  un^^mne 


letters  evidence  nucleotide 


differences  between  the  two  aligned  sequences.  Dott^mi^rep^^  missing  nucleotides.  B  SW-13  cells 
were  seeded  in  6-well  plates  at  6x10^  cells/well.  Aft^fejSiours  cells  were  transfected  by  Lipofectamine 


2000  with  3.5  g  of/?GZi-HSDB2(-517/4^ 


luciferase  reporter  gene  driven  by  the  HSD3B2 


promoter  region  linked  to  the  5-UTR,  ^ra®|^eMst  exon  and  intron  1,  or  ;?GjL5-HSDB2(-517/+23), 
which  lacks  the  intron  1  sequence,  ^^omy  ^dfed  in  triplicate  wells.  Total  DNA  was  kept  at  5  g  by 
addition  of  backbone  vector  a^^^tio  C^^to  lipofectamine  of  (1:2.5)  was  used.  Cells  were  harvested 
48  hours  later.  The  promote^ctivi^^reported  as  relative  luciferase  units  (rlu)  mean  of  3  independent 


experiments.  The  stand 


Tations  are  shown.  Cos-7  cells  were  seeded  at  1.6xl0Vwell  and  similarly 


treated.  The  luc^ffis^fepoTw  constructs  are  schematized  next  to  their  own  activity  bar.  Negative 
numbers  in^^  th^^^pucleotide  of  the  HSD3B2  gene  5’  flanking  region  included  in  the  construct, 
positive  miners  i^tify  the  nucleotidic  delimitation  of  the  untranslated  coding  regions  included  in  each 
con^^^  boxes  schematize  untranslated  coding  regions.  The  transcription  initiation  start  (+1)  is 


aight  bold  line  represent  the  intron  1  sequence,  two  interconnected  lines  indicate  its  deletion. 
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Fig.  2:  Identification  of  a  3  1-A  Element  and  TG  box  in  the  HSD3B2  gene  Intron  1.  A  Left:  ^SA 
result  obtained  when  3  g  of  nuclear  extract  from  the  indicated  cell  lines  were  incubated  with  la 
oligo  encompassing  the  HSD3B1  gene  3  1~A  element,  labeled  oligo  3  2  encompassin|t^^^®3B2’ 
gene  homologous  region,  and  their  mutants  3  Im  and  3  2m  bearing  the  substitutions The 
complexes  were  resolved  as  indicated  in  "Materials  and  Methods”.  The  names  ^^^^p^^^pecific  to 
either  type  I  or  type  II  intron,  and  the  competitor  oligos  used  in  the  experin^j&L  ^^[gdicated.  indicates 
no  competition.  A  major  band  of  identical  electrophoretic  mobility  was  ^^e^y  each  wild  type  probe, 
which  was  specifically  competed  by  100  fold  molar  excess  of  th^Pm^inla^pied  oligo  (self),  but  not 
competed  by  100  fold  molar  excess  of  an  oligo  containing  The  two  mutant  probes 

were  not  shifted,  which  indicates  the  protein  binding  to^^  probes  requires  the  Gs  of  the 

overlapping  TG  box,  as  established  for  the  3  1-A  pr^pJT^).  to  further  verify  the  authenticity  of 
the  major  complex  as  the  3  1-A  protein,  as  well  as  its"T^^quity,  5  g  of  nuclear  extracts  from  LNCaP 
cells  were  incubated  with  the  3  1  probe  of  EDTA  10  mM,  with  and  without  5  mM  zinc 

chloride.  The  complex  was  not  seen  ii^res^^^pDTA.  an  ion  chelator,  while  it  was  restored  when 
Zn^  was  added  to  the  EDTA  cont^ffia^^n^te  reaction.  The  competition  with  100  fold  molar  excess 
cold  3  2  oligomer  is  also  sh^^^  furffSf  evidence  that  the  same  protein  binds  both  3  1  and  3  2 
oligomers.  B  EMS^^^Wt  obtairod  with  oligo  3  IS  that,  in  respect  of  3  1  oligo,  encompasses  ten 
nucleotides  at  the  3^m^]^ie  TG  box,  while  it  is  depleted  of  the  twelve  5 ’-flanking  nucleotides,  of 
which  5  are  part^Eh^^ Inclement.  Competitor  oligos  were  used  at  100  fold  molar  excess.  Four  major 
bands  wer^os&ved  mfnbered  1  to  4  after  assigning  nr  1  to  the  3  1-A  band.  Band  4  appeared  to  be  a 
double^^d^^^fta  and  4b.  Self-competition  indicates  the  complexes  forming  each  band  are  specific. 
01iM3  2S^mpeted  all  the  bands  but  band  4a  less  efficiently.  Oligo  Spl  efficiently  competed  band  2 
3le  band  4,  while  it  did  not  affect  the  3  1-A  band.  Oligos  3  1  and  3  2  competed  the  3  1-A 
I,  but  only  weakly  the  Spl  specific  bands,  as  expected  for  their  shorter  3’  end  sequence  when 
hipared  to  the  probe.  The  mutant  3  Im  and  3  2m  oligo  were  unable  to  compete  any  of  the  bands 
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except  for  the  weaker  complex  forming  band  3  (only  3  Im  competition  is  shown).  Middle:  the^ame 
amount  of  nuclear  extracts  as  above  were  pre-incubated  with  anti-  Spl,  anti-Sp2  and  anti-Sp3 
for  1  hour  at  0°  C,  than  added  of  probe  and  further  incubated  for  15  minutes  at  room  tenipemt^^  SpT 
and  Sp2  antibodies  diminished  the  weak  4b  band,  and  a  faint  supersfhit  was  see,^^^^^ntibody 
completely  prevented  formation  of  band  2  and  band  4a.  Right:  comparison^^^^  3^^^nd  3  2S 
oligonucleotide  binding  ability.  While  the  two  oligos  have  the  same  affmitw-^t^^J-A  protein,  they 
bind  Sp3  with  different  efficiency.  C  The  upper  nucleotide  sequence  OTO^  ipgomers  employed  in  the 
study  is  shown.  Oligos  are  aligned  to  center  the  shared  regions  en^to^ingl^  3  1-A  element,  which 
is  evidenced  by  a  line  above  the  3  1  oligo.  The  outlined  nuclefriMe  3  IS  refers  to  the  single 

nucleotide  mismatch  existing  in  their  3’  end  that  might  affed^^^OT^^?or  the  TG  box. 


Fig.  3:  Dissection  of  the  3  1-A  element  and  TG  boi?^^^e  HSD3B2  gene  intron  1.  A  Left:  EMSA 
result  obtained  with  5  g  of  nuclear  extract^^^^^^3  cells  aimed  at  comparing  the  effect  of  nucleotide 
changes  within  the  G4  stretch  shared  h^he  j^^pSement  and  TG  box.  The  binding  ability  of  mutants 

Ml  and  M2,  shown  in  (B),  is  coi^ii^^mh^pband  pattern  formed  by  oligo  3  2S.  Ml,  that  changes  the 
last  two  Gs  to  As,  was  unabl^m^^^|D3  while  it  could  still  bind  the  3  1-A  protein.  M2,  that  replaces  the 
first  two  Gs  with  two  i^^o^pbind  Sp3  but  its  ability  to  bind  the  3  1-A  was  severely  reduced.  Middle: 
EMSA  result  com|mna  m^^ding  ability  of  the  wild  type  3  2S  probe  with  oligos  bearing  mutations 
that  alter  th^^t^^a^mes  in  the  type  II  3  1-A  element  as  shown  in  (B).  The  substitution  A5  to 
CCTTC  (3^|nS)^^^pletely  abolished  formation  of  the  3  1-A  band,  while  it  did  not  form  any  extra 
pt  oligos  A2  and  A3,  that  restore  2  and  3  of  the  adenines  in  front  of  the  TG  box,  were 

ipport  3  1-A  protein  binding,  while  addition  of  four  adenines  (A4)  resulted  in  a  fully  restored 

-A  complex.  Right:  Gel  shift  assay  of  oligo  T(G)4,  bearing  a  deletion  of  nucleotides  from  +125  to 
+129,  was  tested  with  nuclear  extract  from  SW-13  cells.  The  deletion  completely  eliminated  Sp3  binding 
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and  did  not  affect  3  1-A  protein  binding.  B  The  nucleotide  sequence  of  the  3  2S  oligonucleotide  its 
mutants  employed  in  the  study  is  shown.  Small  letters  reveal  the  mutated  nucleotides.  The  narr^^i^ph 


oligo  is  indicated  on  the  left  side  of  each  sequence.  The  sequence  shown  at  the  bottom  sumiml^s  the 
analysis  results,  with  the  minimal  nucleotides  required  for  3  1-A  factor  binding  sho^^d  mmJd  capital 


il^c 


letters,  and  the  minimal  nucleotides  required  for  Sp3  binding  showed  in  cursiv^^pftal  I^&s.  Dotted 


lines  represent  the  flanking  nucleotides  not  involved  in  direct  binding.  Tl^^^^^^^cli  oligo  to  bind 
YYl  and  Sp3  is  sununarized.  +,  binding;  no  binding;  +/-,  partial  bindingm^  M 


Fig.  4:  The  3  1-A  protein  is  antigenically  related  to  tran scrip tioOTact|p  YYl.  A  EMSA:  3  g  of 


nuclear  extracts  from  the  indicated  cell  lines  were  pre-incul^fcdj 


?ith  100  fold  molar  excess  of  self 


and  UCR  unlabelled  oligomers  for  10  minutes  ac 


:  ad^p^  of  100,000  cpm  of  labeled  3  2S 


oligonucleotide.  Complexes  were  allowed  to  form  for^^^nutes  at  room  temperature,  and  the  binding 
reactions  were  loaded  on  a  4.5%  non-denati^nP^yacrylamide  gel  and  subjected  to  electrophoresis  to 
allow  separation  of  the  complexes  froj^tfi^^bouffl  probe.  The  UCR-containing  oligomer  prevented 


formation  of  the  3  1-A  band  with  ^ 


efficiency  observed  for  the  3  2S  self-competition,  while  it 


did  not  affect  Sp3  binding.  of  nv^ar  extracts  from  SW-13  cells  were  pre-incubated  with  and 


without  1  I  anti- YYl  P^Sjfeal  antropdy  in  binding  buffer  for  1  hour  on  ice.  Then  the  reactions  were 
added  with  either  ^C^^^2S  labeled  oligomers  and  further  incubated  at  room  temperature  for  15 
minutes.  UCR  se^^^^^titiop  is  shown  in  the  far  right  lane  to  confirm  band  specificity.  Both  3  2S  and 
UCR  prob^^^fled^^^mplex  of  identical  electrophoretic  mobility.  In  samples  added  of  anti -YYl 


antibodW 


"band  corresponding  to  the  3  1-A  complex  was  supershifted,  suggesting  that  YYl 


andEe  3  1^  factor  are  the  same  protein.  The  two  arrows  between  the  two  gel  shift  results  point  to  the 

SAc^ranere  shown  as  YYl.  C  The  sequences  of  the  oligomers  encompassing  the  3  1-A  element 
LJCR  utilized  in  the  experiment  are  shown.  The  region  known  to  bind  YYl  in  the  UCR  probe,  and  the 
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homologous  region  in  the  3  2S  probe  are  shown  in  bold  letters.  The  arrow  indicates  orientation  oSthe 
YYl  binding  region  as  previously  proposed. 


Fig.  5:  The  3  l-A  band  corresponds  to  full-length  YYl.  A:  1  g  of 

was  added  to  50  1  of  TNT  rabbit  reticulocytes  cell-free  lysates  in  presenc^^^fes^^^nerase  as 

described  in  Materials  and  Methods.  Five  1  of  the  “/«  vitro  transcribed  an^^^^^Sp^^ct  and  same 
volume  of  a  no-template  reaction  as  negative  control  were  incubated  ^^e^pift  binding  buffer  with 
labeled  UCR  oligomer,  with  and  without  self-competition,  and  the^^tr^^^  mobility  of  the  bound 


probe  was  compared  with  the  complexes  obtained  from  3 
retardation  assay.  The  “/«  vitro''  translated  YYl  shifted  th^ 


^^^1  nuclear  extracts  in  a  gel 
generating  one  specific  complex, 


whose  mobility  was  identical  to  the  band  observe^^fflMheO^l  probe  when  reacted  with  nuclear 
extracts  from  SW-13  cells.  B  “/«  vitro"  synthesized^^Lwas  compared  with  YYl  protein  from  cell 
nuclear  extracts  by  western  blot  analysis^P^O  1  TNT  control  reaction  in  presence  of  empty 


pCMX-Ll  vector;  lane  2,  10  1  of  TNT^a^ 


lMY'-YYI;  lane  3,  20  g  of  SW-13  nuclear  extract; 


lane  4  and  7,  molecular  weight  Cruz,  sc-2031)  recognized  by  the  secondary  antibody; 

lane  5,  20  1  of  crude  isoIatej^^3  2-bSra  proteins  from  SW-13  cell  nuclear  extract;  lane  6  and  8,  20 
g  of  nuclear  extract  c^K.  Samples  from  lane  1  to  7  were  treated  with  rabbit  polyclonal 

anti-YYl  antibody  fee^^^ist  the  full-length  protein.  The  sample  in  lane  8  was  treated  with  rabbit 


polyclonal  anti-S 


bo^mrected  against  the  carboxy  terminus.  C  Comassie  staining  of  12%  SDS 


acrylamide^^^ of  A-3  2-bound  proteins  isolated  from  300  g  of  nuclear  extracts  from  SW- 

range  Biorad  pre-stained  SDS-PAGE  standards  are  shown.  Asterisks  mark 
bands  recognized  by  anti-YYl  antibody  in  the  western  blot  experiments. 


^^hTExistence  of  a  second  YYl  binding  site  within  the  HSD3B1  and  HSD3B2  gene  Intron  1.  A 
EmSA  experiment  carried  out  with  5  g  of  SW-13  nuclear  extracts  and  100,000  cpm  of  each  of  the 
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oligomers  indicated  on  top.  Competition  with  100  fold  molar  excess  of  UCR  and  Spl  oligomers  ij^lso 
shown  for  the  3  2S  probe.  no  competition.  An  arrow  points  at  the  YYl  formed  band,  previous; 
as  3  1-A  band.  B  The  double  stranded  sequence  of  the  oligomers  used  in  the  study  is  shown.  TR^^me  of' 
the  mutant  oligomers  specifies  the  first  and  last  nucleotide  of  the  intron  1  sequence  t^fe^J^^pass.  (I), 
(U)  identifies  oligos  matching  to  type  I  or  type  II  introns,  respectively.  The  YYl  corajp  the  3  1- 

A  element  shared  by  the  3  1  and  3  2  oligomers  is  shown  first  as  a  reference^^q^Med  lines  replacing 
the  5’  and  3’  flanking  nucleotides.  The  black  arrow  indicates  orientation^^ft^Pf  1  binding  site.  Dotted 
lines  encase  the  putative  YYl -like  binding  region  in  each  oligomemOT  ^i^^^ence  comparison.  The 
ability  of  each  oligomer  to  bind  YYl  is  summarized.  -H-,  stron^toOT^^I^TOding;  +J-,  weak  binding; 
no  binding.  C  Upper:  A  cartoon  summarizes  the  different^^^fflliSptif  the  two  YYl  binding  sites  in 
respect  of  the  TG  box  in  intron  1  of  the  HSD2B1  Solid  and  dashed  boxes  represent 

stronger  and  weaker  YYl  binding  respectively.  An  op^^filled  square  box  represents  the  weaker  or 
stronger  binding  of  Sp3  to  the  TG  box,  respa^^^^  long  and  narrow  rectangular  box  represents  the  24 
nucleotides  previously  identified  as  tte^^^^pnent  in  the  HSD3B1  gene  intron  1.  A  similar 
schematization  is  used  to  represent  ^L^^eifetly  conserved  region  in  the  HSD3B2  gene.  Lower:  The 
sequence  alignment  of  the  typdfed  tvp^l^tron  1  from  nt  +1 1 1  to  nt  +174  (type  I)  or  to  nt  +173  (type 
II)  shows  the  nucleotide  ^Q^s  invm^d  in  the  formation  of  the  second  and  not  conserved  YYl  binding 
site.  Small  letters  idfeiJ^^^  nucleotide  substitutions,  dotted  lines  replace  missing  nucleotides.  Bold 
letters  outline  tq^^^^^PTid^^^ential  for  Sp3  binding.  Arrowheads  identify  the  nucleotides  involved  in 
YYl  binding®  the^^lation  of  such  binding.  Bold  solid  arrowheads  indicate  strong  binding,  the  bold 
open  line  a*  pdicate  a  weaker  YYl  binding. 


tional  analysis  of  YYl  in  the  HSD3B2  gene  intron  1  mediated  enhancement  of  basal 
activity  (A)  YYl  is  responsible  for  the  boost  in  promoter  activity  mediated  by  the  HSD3B2 
|bn  1.  SW-13  cells  were  plated  at  3.2  x  lO’  cells  per  well  in  12-well  plates.  Sixteen  hours  later  cells 
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were  transfected  as  detailed  in  Materials  and  Methods  with  0.5  g  of /?GZ.i“HSD2(-517/+193)  and  ^L3- 
HSD2(-517/+23)  reporter  constructs,  previously  shown  in  Fig  1  B,  in  presence  or  absence  of  O4 
g  of pCMX-YY\,  and  the  total  amount  of  DNA  was  kept  at  2  g  per  well  by  addUio^^j^CAfY^ 
backbone  vector  where  necessary.  Cells  were  harvested  24  hours  after  transfectioi^ftpd^li^romoter 
activity  was  measured  as  relative  luciferase  units  (rlu).  The  result  of  a  representat^^meriiS^is  shown, 
with  the  promoter  activity  expressed  as  rlu  mean  of  duplicate  wells.  The  standa^M^iations  are  shown. 
Each  experiment  was  repeated  at  least  3  times.  The  YYl  dose-dependent^^os^P  basm  promoter  activity 
seen  with  pGLS-HSiDl  (-517/+193)  was  lost  when  /?GL3-HSD2  which  lacks  intron 

1.  (B)  Functional  analysis  of  YYl  binding  sites  and  TG  box  i^M  HSD3B2  gene  intron  1. 

The  activity  of  luciferase  reporter  plasmid  /7GLJ-HSD2(-!l^&^g|^^ompared  with  the  activity  of  its 
deletion  constructs  that  are  represented  in  C.  SW-13  j^@^^r^^^iently  transfected  as  described  above 
except  no  YYl  expression  plasmid  was  added.  (Cj^^ematization  of  the  nucleotide  deletion  and 
substitutions  involved  in  the  study:  l.pGI5^^^M46/+193)  parental  vector;  2.  The  B2mS  substitution 

changes  A5  to  CCTTC  eliminating  YY^iiiJB^^t^p  the  3  1-A  element;  3.  Deletion  T(G)4  eliminates 

Sp3  binding  to  the  TG  box  witho^l^^ffig  binding  to  the  3  1-A  element;  4.  Substitution  of  the  4 
adenines  to  CCTT  prevents  the  distal  binding  site;  5.  YYl  binding  to  both  sites  was 

prevented  by  constructi  i)le  mutant  using  the  same  nucleotide  substitutions  described  in  2.  and  4. 
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Probe: 


3  1S 


3  2S| 
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Nuclear  extract: 


SW-13 


3  2S 
3  2inS 
A2 
As 
A4 
Ml 
M2 
TG4 


-AAAATGG  GGTGG 


3  1-A  Sp3 


TTTTTGTAAAAAATGGGGTGGAGGAAAATAAGGCAT 
TTTTTGTAccttcTGGGGTGGAGGAAAATAAGGCAT 
TTTTTGTAcctAATGGGGTGGAGGAAAATAAGGCAT 
TTTTTGTActAAATGGGGTGGAGGAAAATAAGGCAT 
TTTTTGTAcAAAATGGGGTGGAGGAAAATAAGGCAT 
TTTTTGTAAAAAATGGaaTGGAGGAAAATAAGGCAT 
TTTTTGTAAAAAATaaGGTGGAGGAAAATAAGGCAT 
GGAATTTTTGTAAAAAA - TGGAGGAAAATTUVGGCATCTGC 


+ 

+ 

-/  + 
+ 


+ 

+ 

+ 

+ 

+ 


Fig.  3 
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A 


B 


Probe: 

N.  E.: 

Competitor: 


C 


◄ - 

3  2S  5’-TTTGCAA  AAAATGGGG  TGGAGGAAAATGAGGCAT  -3’ 

3’~AAACGTT  TTTTACCCC  ACCTCCTTTTACTCCGTA  -5’ 

- ► 

OCR  5’-CTGCAGTAA  CGCCATTTT  GCAAGGCAT  -3’ 

3’~GACGTCATT  GCGGTAAAA  CGTTCCGTA  -5’ 
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